Potential role of luminal potassium in tubuloglomerular feedback.
Transport through the Na+-2Cl(-)-K+ cotransporter in the luminal membrane of macula densa cells is considered critical for tubuloglomerular feedback (TGF). Although various studies could support the importance of luminal Na+ and Cl-, the role of luminal K+ in TGF has not been thoroughly addressed. The study presented here examines this issue in nephrons with superficial glomeruli of anesthetized male Munich-Wistar-Frömter rats. Ambient Na+ concentration in early distal tubular fluid was approximately 22 mM, suggesting collection sites relatively close to the macula densa segment. First, it was found that ambient early distal tubular K+ concentration is approximately 1.3 mM, i.e., close to the K+ affinity of the Na+-2Cl(-)-K+ cotransporter in the thick ascending limb. Second, it was observed that a change in late proximal tubular flow rate, i.e., a maneuver that is known to induce a TGF response, significantly alters early distal tubular K+ concentration. Third, previous experiments failed to show an inhibition in TGF response during retrograde perfusion of the macula densa with K+-free solutions. Because of a potential K+ influx into the lumen between the perfusion site and the macula densa, however, the K+ channel blocker U37883A was added to the K+-free perfusate. TGF response was assessed as the fall in nephron filtration rate in response to retrograde perfusion of the macula densa segment from early distal tubular site. It was observed that luminal U37883A (100 microM) significantly attenuated TGF. Because adding 5 mM KCl to the perfusate restored TGF in the presence of U37883A and because the inhibitory action of U37883A on tubular K+ secretion was confirmed, the effect of U37883A on TGF was most likely caused by inhibition of K+ influx into the perfused segment, which decreased luminal K+ concentration at the macula densa. The present findings support a potential role for luminal K+ in TGF, which is in accordance with a transmission of the TGF signal across the macula densa via Na+-2Cl(-)-K+ cotransporter.